Second messenger and Ras/MAPK signalling pathways regulate CLOCK/CYCLE-dependent transcription.
The heterodimeric complex of the transcription factors CLOCK (CLK) and CYCLE (CYC) constitutes the positive element of the circadian clock in Drosophila and mammals. Phosphorylation of clock proteins represents an essential mechanism for promotion and control of the molecular oscillator. However, the kinases and signalling pathways that regulate CLK/CYC function remain largely elusive. In the present study we performed a chemical screen of kinase inhibitors in a cell culture reporter assay to identify functional regulators of CLK/CYC-dependent gene expression. These studies and analysis of constitutively active forms of kinases revealed that cyclic nucleotide/protein kinase A (PKA), calcium/calmodulin-dependent kinase (CaMK) II and Ras/mitogen-activated protein kinase (MAPK) regulate CLK/CYC activity. In vitro phosphorylation analysis showed a direct phosphorylation of CLK by CaMK II and p42 MAPK [extracellular signal-regulated kinase (ERK) 2], suggesting that these kinases regulate CLK/CYC-dependent transcription by direct phosphorylation of CLK.